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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical recording medium comprising a recording layer and a reflective layer 
provided on a transparent substrate, specifically to an optical recording medium capable of recording at a high density. 

2. Description of the Related Art 

A recordable optical recording medium which has a recording layer comprising a dye and is provided with a metallic 
reflective layer on the recording layer in order to increase the reflectance is disclosed in, for example, Optical Data Stor- 
age 1989 Technical Digest Series, Vol. 1 , 45 (1989), and media using cyanine dyes and phthalocyanine dyes in record- 
ing layers are available in the market as CD-R media. 

These media are characterized by that they can record with a semiconductor laser of 780 nm and can reproduce 
with commercial CD players and CD-ROM players installed a semiconductor laser of 780 nm. 

However, these media have a recording capacity of only about 650 MB, and when they are used to record a large 
volume of information such as a digital animation, they have a recording time as short as 1 5 minutes or less. Further, if 
conventional media are miniaturized in order to meet the situation that miniaturization of equipment goes on t the capac- 
ities would further run short. In the conventional CD-R media described above, recording and reproduction are carried 
out by means of semiconductor lasers having a wavelength of about 780 nm. In recent years, semiconductor lasers 
having a wavelength of 630 to 660 nm have been developed and make it possible to record and/or reproduce at a h l gher 
density and an optical recording medium in which animations of high quality are recorded for 2 hours in the medium 
having a diameter of 1 20 mm has been developed as DVD. This medium has a recording capacity of 4.7 GB/plane but 
is a read-only medium which is produced by transferring pits on a substrate. Accordingly, recordable optical recording 
media having a large capacity close to a recording capacity of read-only DVD are desired. 

Incidentally, a laser beam spot diameter used for recording in DVD-R is smaller than a conventional laser beam 
spot diameter used for recording in CD-R, but as compared with a recording density in CD-R, a recording density in 
DVD-R increases more than expected from an increase in the recording density due to the fact that the laser beam spot 
diameter becomes smaller. Accordingly, in such media, smaller pits than the beam spot diameters have to be accurately 
formed in recording as compared with CD-R. However, when a recording density is high, there are problems that the 
jitter of the shortest pit is raised because the influences of heat interference between pits in recording and expansion of 
recording pits toward the adjacent trucks are large. Accordingly, when a recording density is high relative to a beam spot 
diameter, it is important to reduce such problems. 

On the other hand, optical recording media having recording layers comprising metal complexes of azo compounds 
having a nitrogen -containing hetero ring are disclosed in Japanese Patent Publication No. Hei 5-67438 and Japanese 
Patent Publication No. Hei 7-71868. In these publications, however, only recording in conventional near infrared laser 
wavelengths is described, and nothing is disclosed regarding various conditions for achieving high density recording rel- 
ative to a beam spot diameter. 

Further, prescriptions of a decomposition temperature of a recording film are disclosed in Japanese Patent Appli- 
cation Laid-Open No. Hei 2-206588, but the application intends for avoiding damage by reproducing light, and nothing 
is referred to regarding the influence to the formation of pits suitable for high-density recording. Further, disclosed in 
Japanese Patent Application Laid-Open No. Hei 4-259593 are prescriptions regarding a temperature difference 
between a melting point and a decomposition point of a recording film for the purpose of controlling the form of record- 
ing pits. However, this premises a cyanine dye film, and a specific effect in metal complexes of azo compounds having 
nitrogen-containing hetero rings is not referred to at all. 

An object of the present invention is to provide a medium capable of carrying out good recording and reproducing 
of signals even at a high recording density relative to a beam spot diameter as is the case with DVD-R. 

SUMMARY OF THE INVENTION 

The present inventors have continued intensive investigations regarding the problems described above and thus 
have completed the present invention, 
r That is, the present invention relates to: 

(1) An optical recording medium comprising at least a transparent substrate having grooves, a recording layer 
absorbing laser beams provided on the substrate directly or via another layer and a reflective layer of metal pro- 
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vided Ion the recording layer directly or via another layer, wherein the said recording layer contains as a man com- 
ponent a complex of an azo compound represented by the following Formula (1) with metal; the said complex has 
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wherein r, and I Rg represent independently a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl 
group havmg 1 to 4 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 4 carbon atoms a cyano 

anoTrf^f^ 7"? 1 10 4 Ca *° n at ° mS ' 0r a su bsttuted or unsubstituted phenyrthio group; R 3 

. ^'"dependently a hydrogen atom, a substituted or unsubstituted alkyl group having 1 to 4 carbon 
atoms, a substituted or unsubstrtuted aryl group, a substituted or unsubstituted aralkyl group, or a substituted or 

ber^nao^e^^ 

atom membered ""9 v« a hnkage group which may contain a nitrogen atom, an oxygen atom or a sulfur 

C £ C * recor * n 9 m « lium as described in the above item (1). wherein the metal in the complex of the azo 
compound represented by Formula (1) with metal is divalent and 

2£!ff! iTf "^''T 35 dBSCribed th6 ab<We item (1) or < 2 >" wherein reco ' di "9 ^ reproduction can 
be earned out at a laser wavelength of 630 to 660 nm using an objective lens having a numerical aperture of 0.?± 

wh J»il h ^ eSem * lere 03,1 be tMkM an 0ptical recordin 9 medium containing a dye in a recording layer 

rmZZ^n^' n H 9 T°l UCti T CBn bS Carri6d 0Ut 31 3 hi9h densi * re,ative to *«* "earn spot diame?e7s by 
JSeof ^ 6 reCOrdin9 ' ayer thS deC ° W^-starting temperature and the meting 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The optical recording medium of the present invention comprises a transparent substrate, a recording layer absbrb- 

ESZTT P T °" SUbStrate 3nd 3 re,,eCtive layer 01 metal P rovided ° n *• ** id wording layer, arxfthe 
recording flayer contains as a mam component a complex (metal complex of an azo compound) of a specif azo ^m 

S r rt ' ^ th9 COmP ' aX h8S 3 d ^° m position-starting temperature and! melting point eacVSv^ch 
Sh mS. ran9e ° f mP ° Se " 8 ^^P 08 * 0 "-^'^ temperature falling in a certain ra£e without passing 
In optical recording, the thermal decomposition characteristic of the recording layer exerts a large influence on the 

\^S^T^ ° f re ° 0,X,in9 ma,iUm - ,n Whe " a h * h ^"""B densiWvT o aTase^ 

beam spot diameter is required as is the case with DVD-R, selection of a recording layer is important 

of ihL"^ ™ ^ T" 80 ' 1 ' a ? ?f n i° *• iS u86d for *" recordin 9 and * e *• comprises the metal complex 
of the azo compound represented by Formula (1) described above as a main component 

In R, and R 2 of Formula (1). the halogen atom includes fluorine, chlorine, bromine and iodine 

tint %£2Zf Sth . 8 K ni ^ er ° f ^ a,b0n a, ° mS r6ferred ,0 above in "'""ection with the definition of formula (1) and also 
that referred to in the followmg description as well as in the claims, whenever the number of carbon atoms of a specific 

subs^ueS^ "" SubSt,tu,ed ha ™9 1 *> ^ <**°" atoms is a linear or branched alky, group. The 

substrtuent includes an alkoxy group, an alkoxyalkoxy group, an alkoxyalkoxyalkoxy group, an altoxycarbonyl orouo an 
alkoxycarbonytoxy group, an alkoxyalkoxycarbonyloxy group, a hydroxy group, a Wo^^v^X*^™ 
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alkoxy group, a cyano group, an acyloxy group, an acyloxyalkoxy group, a halogen atom, a sulfone group, an alkyl car- 
bonylamino group, an alkylsutfonamino group, a sulfonamide group, an alkylamino group, an amino group and an 
alky I sulfone group. 

The linear or branched alkyl group is an alkyl group having 1 to 4 carbon atoms, and considering processability for 
coating on polycarbonate, acryl, epoxy and potyolefin substrates, it includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
sec-butyl and tert -butyl. 

The alkoxyalkyl group includes groups having 2 to 4 carbon atoms such as methoxymethyl, ethoxymethyl, pro- 
poxymethyt, methoxyethyl and ethoxyethyl. 

Examples of the alkoxyalkoxyalkyl group include methoxymethoxym ethyl and methoxymethoxyethyl. 
Examples of the alkoxyalkoxyalkoxyalkyl group include methoxymethoxymethoxymethyl. 

Examples of the alkoxycarbonylalkyl group include methoxycarbonylmethyl, ethoxycarbonyl methyl and methoxy- 
carbonylethyl. 

Examples of the alkoxycarbonyloxyalkyl group include methoxycarbonyloxyethyl. 

Examples of the alkoxyalkoxycarbonyloxyalkyl group include methoxymethoxycarbonyloxymethyl. 

Examples of the hydroxyalkyl group include 1 -hydroxy ethyl, 2-hydroxyethyf, 2-hydroxy-3-methoxypropyt, 2-hydroxy- 
3-chloropropyl, 2-hydroxypropyl and 2-hydroxybutyl. 

Examples of the hydroxyalkoxyalkyl group include hydroxyethoxyethyl, and examples of the hydroxyalkoxyalkoxy- 
alkyl group include hydroxymethoxym ethoxyethyl. 

Examples of the cyanoalkyi group include 2-cyanoethyl, 4-cyanobutyl, 2-cyanc-3-methoxypropyl, 2-cyano-3-chlo- 
ropropyl, 2-cyanopropyl and 2-cyanobutyl. 

Examples of the acyloxyalkyl group include acetoxyethyl, and examples of the acyloxyalkoxyaikyl group include 
acetoxym ethoxymethyl . 

Examples of the halogenated alkyl group include chloromethyl, chloroethyl, 2,2,2-trifluoroethyl, trrfluoromethyf, bro- 
mo methyl and iodo methyl. 

Examples of the sulfonalkyl group include sulfonmethyl, surfonethyl and sulfonpropyl. 

Examples of the alkylcarbonylaminoalkyl group include methylcarbonylaminoethyl. 

Examples of the alkylsulfonaminoalkyl group include methylsuHonaminoethyl and ethylsulfonaminoethyl. 

Examples of the sulfonamidealkyl group include surfonamidemethyl, sulfonamideethyl and sulfonamidepropyt. 

Examples of the alkylanrtinoalkyl group include N-methylaminomethyl and N.N-dimethylaminomethyi. 

Examples of the aminoalkyl group include aminomethyl, aminoethyl and aminopropyl. 

Examples of the alkylsulfonalkyl group include methylsulfonmethyl, ethylsuffonmethyl, methylsulfonethyl, ethylsul- 
fonethyl, 2,2,3,3-tetrafluoropropylsulfonmethyl and 2,2,3,3-tetrachloropropylsulfonmethyl. 

Examples of the substituted or unsubstituted alkoxy group having 1 to 4 carbon atoms are alkoxy groups having the 
same substituents as those of the alkyl group given above and include preferably lower alkoxy groups such as methoxy, 
ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy and t-butoxy. 

The substituted or unsubstituted amino group is preferably an amino group or a substituted amino group having 1 
to 2 alkyl groups each of which has 1 to 4 carbon atoms. 

Examples of the substituted or unsubstituted amino group are apart from the amino group alkylamino groups hav- 
ing the same substituents as those of the alkyl group given above and include preferably lower alkylamino groups such 
as N-methylamino, N.N-dimethylamino, N.N-diethylamino, N,N<lipropy[amino and N,N-dibutylamino. 

Examples of the substituted or unsubstituted alkylthio group having 1 to 4 carbon atoms are alkylthio groups which 
may have the same substituents as those of the alkyl group given above and include preferably alkylthio groups having 
1 to 4 carbon atoms such as methylthio, ethylthio, n-propy!thio, iso-propylthio, n-butytthio, iso-butylthio, sec-butylthio, t- 
butylthio and methylcarboxylethylthio. 

The substituted or unsubstituted phenylthio group is preferably a group having 6 to 10 carbon atoms. 

Examples of the substituted or unsubstituted phenyrthio group are phenylthio groups which may have the same 
substituents as those of the alkyl group given above and include phenylthio, methylphenytthio, ethyl phenylthio and pro- 
pytphenylthio. Further, included are phenylthio groups substituted with hydroxyl groups, amino groups, nitro groups, 
carboxyl groups and halogen atoms. 

Preferable for are a chlorine atom, a bromine atom, a cyano group or a trif luoromethyl group. Also preferable for 
R 2 are a hydrogen atom, a methyl group, an ethyl group, an isopropyl group, a t-butyl group, a methoxy group, an ethoxy 
group, an isopropoxy group, a t-butoxy group, a methyfthto group, an ethylthio group, an isopropylthio group, a t-butylthio 
group, a phenyrthio group, a methylphenytthio group or an ethylphenylthio group. 

In R 3 and R 4 of Formula (1). examples of the substituted or unsubstituted alkyl group include those of the alkyl 
group given above. 

The substituted or unsubstituted aryl group and the substituted or unsubstituted aralkyl group are preferably groups 
having 6 to 1 2 carbon atoms. The aryl portion of the substituted or unsubstituted aryl group or that of the substituted or 
unsubstituted aralkyl group preferable includes phenyl and naphthyl. 
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is not preferred. On the other hand, H the decomposition-starting temperature exceeds 350°C, it is disadvantageous in 
terms of a recording sensitivity, and therefore such complex is also not preferred. 

The closer the melting point to the decomposition-starting temperature is, the more advantageous. If the melting 
point is lower than the decomposition-starting temperature by 50°C or more, the molten part of the recording layer is 
liable to expand in the circumference of recording pits, and an influence is exerted on the adjacent pits and adjacent 
tracks to cause a deterioration in the jitter. 

In the present invention, the recording layer containing the dye described above is provided on the substrate 
directly or via another inorganic or organic layer (subbing layer). The recording layer has a film thickness of 40 to 300 
nm, preferably 60 to 200 nm. Methods of providing the above recording layer include, for example, a spin coating 
method, a dipping method, a spray method and a vapor deposition method, and the spin coating method is preferred. 

Solvents which do not damage the substrate are preferred as a coating solvent used for forming a film by the spin 
coating method. The preferred solvents include, for example, aliphatic or alicycHc hydrocarbon solvents such as hex- 
ane. heptane, octane, decane, cyclohexane, methylcyclohexane and dimethylcyclohexane; ether solvents such as die- 
thyl ether, dibutyl ether and diisopropyl ether; alcohol solvents such as methyl alcohol, ethyl alcohol, isopropyl alcohol, 
ally! alcohol and methyl cellosolve; and halogenated solvents such as carbon tetrachloride and tetraf luoropropanol. 

In the present invention, a reflective layer is provided on the recording layer described above. Used as materials for 
the reflective layer are metals such as gold, silver, aluminum, copper and platinum and alloys containing these metals, 
and gold, aluminum, silver and alloys containing these metals as a main component is preferred from the viewpoint of 
a reflectance and a durability. The reflective layer has usually a film thickness of 40 to 300 nm. preferably 60 to 200 nm. 
Methods of forming the reflective layer include, for example, a vacuum evaporation method, a spattering method and 
an ion plating method. 

In the present invention, an intermediate layer may be provided between the recording layer containing the dye 
described above and the reflective layer in order to improve the characteristics such as a reflectance, a degree of mod- 
ulation and a jitter. Materials for forming the intermediate layer include inorganic dielectric substances, polymers and 
dyes. 

An objective lens used in the present invention has a large numerical aperture, and therefore the substrate has 
preferably a thickness of 0.5 to 0.8 mm in order to reduce an aberration. In this case, the medium is used by bonding 
two sheets thereof with an adhesive in order to improve the strength and the mechanical characteristics. In bonding, 
they can be stuck without forming a protective layer on the reflective layer or after forming the protective layer. UV ray- 
curing acryl resins. UV ray-curing epoxy resins and silicone base hard coating resins are used for the protective layer. 
Further, UV ray-curing acryl resins, UV ray-curing epoxy resins and hot melt adhesives are used as adhesives in stick-, 
ing. 

The optical recording medium thus obtained can record and reproduce stably even at a high recording density rel- 
ative to a laser beam spot diameter. In particular, good recording and reproduction can be carried out at a laser wave- 
length of 630 to 660 nm in recording and reproducing and 0.6 ± 0.05 of a numerical aperture of an objective lens. 

EXAMPLES 

The present invention shall specifically be explained below with reference to examples, but the embodiment of the 
> present invention shall not be restricted thereby. 

Example 1 

An Ni complex of an azo dye represented by Formula (4) was applied in a thickness of 1 60 nm to a grooved face 
? of an injection-molded polycarbonate substrate which has spiral grooves and has a thickness of 0.6 mm and a diameter 
of 120 mm by a spin coat method to form a recording layer. The said dye has a decomposition -starting temperature of 
300°C. and the melting point was not observed. 

An aluminum thin film having a thickness of 80 nm was formed as a reflective layer on this recording layer by a spat- 
tering method, and then a UV-curing adhesive was applied to this reflective layer. The same substrate of 0.6 mm thick 
o as described above was superposed on this adhesive and rotated at a high speed to remove the surplus adhesive. 
Then, the substrate was irradiated with UV rays to prepare a bonded optical recording medium. 

This optical recording medium was put on a turn table, and EFM-modulated signals having a shortest pit length of 
400 nm were recorded thereon by means of a drive installed a semiconductor laser having a wavelength of 640 nm and 
an objective lens having a numeral aperture of 0.63 while rotating the medium at a linear velocity of 3.5 m/second and 
is controlling the laser beams so as to converge on the recording layer on the grc>ovesjtf]roug]h the substrate. 

Next, the recorded signals were read out with a drive having a wavelength tf650nnj/tn reading out, equalization 
treatment was carried out 

The jitter value at an optimum recording power at which the jitter is minimized is 6.5 % of a channel bit clock, and 
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very good recording and reproducing having an error rate of 5 x 10 5 was obtained. Further, no bias was observed ii 
the reproduced waveform. 
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is Examples 2 to 1 2 and Comparative Examples 1 to 2 

Each medium was prepared and evaluated by the same method as in Example 1 , except that the recording layer 
was changed. The kinds of the dyes, the decomposition-starting temperatures and the melting points were summarized 
in Table 1 . 

so h Table 1 . M is a metal element to be coordinated, and the substituents R, to R 4 correspond to Formula (1). The 
jitter values at a recording power at which the jitters are minimized and the error rates are shown in Table 2. 

Comparative Examples 3 to 4 

25 Each medium was prepared and evaluated by the same method as in Example 1 , except that cyanine dyes (man- 
ufactured by Nippon Kanko Shikjso Kenkyusho) represented by the following Formula (5) (Comparative Example 3) and 
Formula (6) (Comparative Example 4) were used for the recording layers. The decomposition-starting temperatures 
and the melting points are shown in Table 1 . The jitter values at a recording power at which the jitters are minimized and 
the error rates are shown in Table 2. 
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As apparent from the results shown in Table 2, good recording and reproducing was obtained in the examples of 
the invention, but in the comparative examples, the jitters and the error rates grew large, so that stable reproduction was 
35 not obtained. 

Claims 

1 . An optical recording medium comprising at least a transparent substrate having grooves, a recording layer absorb- 
40 ing laser beams provided on the substrate directly or via another layer and a reflective layer of metal provided on 
said recording layer directly or via another layer, wherein said recording layer contains as a main component a com- 
plex of an azo compound represented by the following Formula (1) with metal; said complex has a decomposition- 
starting temperature Tb [*C] falling in a range of 250^Tb^350; and the melting point thereof Tm [°C] satisfies the 
following equation: 

45 

Tb - SO^Tm 



R2 
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wherein R t and R 2 represent independently a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl 
group having 1 to 4 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 4 carbon atoms, a cyano 
group, a substituted or.unsubstituted amino group, a hydroxy group, a nitro group, a carboxy group, a substituted 
or unsubstituted alkylthio group having 1 to 4 carbon atoms, or a substituted or unsubstituted phenyithio group; R 3 
and R 4 represent independently a hydrogen atom, a substituted or unsubstituted alkyl group having 1 to 4 carbon 
atoms, a substituted or unsubstituted aryl group, a substituted or unsubstituted araikyl group, or a substituted or 
unsubstituted alkenyl group; and R 3 and R 4 may form with the nitrogen atom, to which they are attached, a 5 mem- 
bered ring or 6 membered ring via a linkage group which may contain a nitrogen atom, an oxygen atom or a sulfur 
atom. 

"me optical recording medium as described in claim 1 , wherein the metal in the complex of the azo compound rep- 
resented by Formula (1) with metal is divalent. 

The optical recording medium as described in claim 1 or 2, wherein recording and reproduction can be carried out 
at a laser wavelength of 630 to 660 nm using an objective lens having a numerical aperture of 0.6 ± 0.05. 
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